The birth of the centromere.
The centromere is the region of the eukaryotic chromosome that determines kinetochore formation and sister chromatid cohesion. Centromeres interact with spindle microtubules to ensure chromatid segregation during mitosis and homologous chromosome segregation during meiosis I. In recent years, the overall organization of centromeres in several eukaryotic species has been described, yet the mechanisms of centromere definition remain elusive. Understanding the evolutionary origin of the centromere may well elucidate aspects of its function. With such intention, we hypothesize that centromeres were derived from telomeres during the evolution of the eukaryotic chromosome. We propose that the proto-eukaryotic cell could not have evolved a nucleus without concurrently evolving a new tubulin-based cytoskeleton, the microtubules and a specific chromosomal region that enabled the chromosome-microtubule interaction, the centromere. The repetitive nature of the subtelomeric regions that gave rise to the centromeres forced the concerted evolution of the centromeres. Although this implies the absence of a conserved primary sequence, a conserved centromere-specific structural motif could still exist and determine where in the chromosome the centromere is to be formed. To support the "centromeres-from-telomeres" hypothesis, we discuss several situations, in meiosis and mitosis, where telomeric regions took over centromeric roles. The recently discovered phenomenon of centromere repositioning is also discussed because it has revealed new insights into how neocentromeres evolve.